We describe charged hadronic energy spectra of the cosmic-ray superfamilies named Ursa Maior and P3'-C1-890, detected by the Chacaltaya and Pamir Emulsion Chamber Collaborations, respectively, using analytical solutions for the di6'usion equations. We obtain a very good description of these events incorporating Feynman scaling breaking in the multiparticle production model of our cascading formalism. Centauro exotic events are also investigated. PACS number(s): 13.85. Tp, 96.40.De 
I. INTRODUCTION
Superfamilies of cosmic radiation [1] have attracted the attention of many emulsion-chamber experimental collaborations [2, 3] , because among them the most energetic shower events produced in the atmosphere are found [4] , as well as the challenging and not yet well understood exotic events, such as Centauro events [1, 5] .
In the extremely high energy region (with energies in the laboratory system above 1000 TeV), the cosmic-ray families detected in emulsion chambers are &equently accompanied by a "halo, " i.e. , a uniform blackening of the x-ray film around the central core. The first observation. of a huge halo event was "Andromeda, " detected in 1969 at Chacaltaya chamber No. 14 [6] , whose total visible (hadronic and electromagnetic) energy was PE"";, 21000 TeV (y s 6.5 TeV, in the centerof-mass system). This is still far beyond the energy region of the most powerful particle accelerators now in operation. However, there are superfamilies with a total visible energy (of the off-halo part) at the frontiers now reached by colliders, such as the family "Ursa Maior, "
with g E;, = 2174 TeV (~s = 2 TeV) detected by the Brazil-Japan Collaboration [7] and the event "P3'-Cl-B90, " with P E";, = 1042 TeV (~s = 1.4 TeV) detected by the Pamir Collaboration [3] . These facts led to renewed interest in analyzing such cosmic-ray events, using accelerator-based parametrizations, with no need for extrapolations. One of these parametrizations is the multiparticle production spectrum proposed by Bellandi et al. [8] , which was recently reviewed [9] to fit charged-particle pseudorapidity density distributions collected by the UA5 [10] and UA7 [11] Collaborations at the CERN collider, and is found to be consistent with collider detector at Fermilab (CDF) measurements at the Tevatron collider [12] , up to~s = 1.8 TeV. The pseudorapidity density parametrization reBects the fact that the Feynman scaling law is violated at accelerator energies above~s = 60 GeV [13] , in both central and fragmentation regions [9] .
Another crucial question of concern here is the inelasticity problem. It is discussed in Ref. [9] that the charged multiparticle distributions referred to above imply a smooth decrease of inelasticity with energy. It has been shown that such a behavior of multiparticle production is not compatible with some cosmic-ray data, such as the altitude dependence of the intensity of electromagnetic component [9] , the energy spectrum of nucleonic component [14] , and recent data from Fly's Eye experiment [15] , all of them concerning showers generated by a primary cosmic ray at the top of the atmosphere. However, that question still remains unsolved for the case of single-particle generated events, such as superfamilies.
Partially, this is because there are several mathematical difBculties in solving the dift'usion equations for family shower development, in order to perform the proper analysis. Generally, solutions of those diffusion equations are written as integrals in the complex plane, requiring approximative methods of calculation, such as the saddlepoint method (e.g. , Ref. [16] ).
We present in this paper a formalism, based on the Feynman procedure of ordered exponential operators [17] 
of ordered exponential operators [17] . This is done combining the method already applied to the solution of the hadronic diffusion equations, subjected to a power-law energy spectrum as boundary condition [18] , with that applied to solve the nucleonic cascade, induced by one single nucleon [19] .
We first introduce the operators 0; (i = N, 7r) and Z~, defined by
F (E, Ep, t = tp) = 0.
(8) (4) so that the diffusion equations (1) and (2) Z~h (E" -E') = g(E" -E'). 
The integral Bux of hadrons is easily calculated from Eqs. (14) and (16) 
(Ea (20) The parameters used in Eq. (20) (19) (FS).
We use here, for the gamma inelasticity, the mean value (k, ) =0.25.
The best fit calculation using Feynman scaling multiparticle production, Eq. (18), is indicated by the dotted curve in Fig. 1 
We may now turn back to Fig. 1 Table I .
We realize that the introduction of scaling breaking in multiparticle production makes it possible to achieve a very good description of the experimental data, for all combinations of elasticity distributions. Even so, little differences among y values result from a y minimization by using the CERN routine MINUIT (as indicated in Table I) , showing a slight preference for the symmetric case. In fact, the assumption that f(o~) = f(o ) is in accordance with a previous analysis [18] of Mt. Fuji Collaboration data. This case also leads to the lowest primary visible energy Ez~--4920 TeV, which corresponds in the c.m. system (c.m.s. ) to the primary particle energy of vts 6 TeV. In Table I we also see that all the fits to Ursa Maior data lead to the same value of interaction height, (t -t&&) = 540 g/cm2, corresponding to the whole atmosphere above the emulsion chamber.
In Fig. 2 we show the results for the family P3'-C1-B90, detected at Pamir (t = 596 g/cm2). Again, the symmetric case leads to a lower primary visible energy, EJ = 1140 TeV (see Table I ), corresponding in the c.m. s. to (t -to) = 402 g/cm (for the symmetric case).
Although exceptional results obtained here for the emulsion-chamber superfamilies, with a total visible energy around 2000 TeV, exotic events are not well described on the same basis, even if their total energies are not very high. In Fig. 3 we show the experimental data of the event Centauro I, detected at Mt. Chacaltaya by the Brazil-Japan Collaboration, which has ZE;, = 330
TeV, compared to the tentative to fit data adopting violation of the scaling law, together with symmetric elasticity distributions. (about this problem, see Ref. [22] and references quoted therein). In the present case, the reason for obtaining such agreement between our theoretical results and the experimental superfamily data is probably due to the enhancement of the leading particle effect, implied by the rapidity distributions borrowed from Ref. [9] . In fact, it can be seen &om Fig. 1, Fig. 2 , and Fig. 3 [3] , it is concluded that these shower clusters are strongly penetrative, indicating a dominant leading particle effect. Finally, we mention that other high energy cosmicray families were tested and similar results were found provided the total visible energy of the event is around 2000 TeV so that the parametrization for the multiparticle production spectra remains within its validity range. However, we see that tentatives to reproduce exotic events, such as Centauro I, under the same basis stated above, were not successful. The reason is that those exotic events consist mostly of baryons, with a still unexplained lack of p rays, and a more complex treatment has to be considered [23] . Remembering that the most energetic experimental point in the integral spectrum of Centauro I has a very large error bar, centered near Ih = 2 (see Fig. 3 ), we suggest the possibility that there are two energetic nucleons in the development of the cascade which could be treated analytically by introducing the production of nucleons by nucleons. Another way of facing this problem should be to consider Centauro-like events as a result of the interaction of heavier primaries with the atmosphere. In fact, the study of the chemical composition of the primary cosmic radiation around and above the "knee" of the spectrum (& 3000 TeV) suggests a mixed composition with higher &action of heavy nuclei than at energies below this region [15] . In any case, both possibilities would require the development of new formalisms, modifying our premises in a substantial way. In order to improve our knowledge and understanding about this subject, there is also the need of more data to be analyzed, mainly in the &agmentation region.
